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Banks-Casher relate condensate X to spectral density p of Dirac operator
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The number of modes of the massive hermitian Dirac operator DT D + m?,
with eigenvalues o« < A2 + m?, is renormalization-group invariant!
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NLO  ChPT (n; = 2) in the continuum’-? and
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o No chiral logs for fixed Ag; @.(.) mild function
o 1+2 NLO LECs; W; expected negative®
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3 Generally small quark mass”
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Parameters of the simulation: n; = 2 CLS-lattices®

m;L a Rty R7in(mx) Rrin(v) RBni(v) Nensg
[fm] [MDU] [MDU] [MDU] [MDU]
6.0 0.075 40 3 48 55
4.7 53 55
4.0 36 55
5.2 24 50
4.7 0.065 56 36 92
5.0 30 50
4.3 27 50
41 24-48 50
5.2 0.048 200 23 281 60
4.0 100 128 60
4.2 100 76 50

@ Autocorrelation under control, 7in () < My (v)
@ Finite volume effects under control, found tiny for Ax > 20 MeV
@ 9 values of cutoff Ag for each ensemble, 20 < Ag < 120 MeV

5 P, Fritzsch et al., NPB865(2012)397; M. Marinkovic et al., PoS Lat(2011)232




Stochastic evaluation of v through VEV of projector to low modes

{tr[Pm]) M = /N2 + m? (5)

N
’
NZ(W,PMW), Nk... pseudo-fermion fields (6)
k=1

First look at numerical data
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@ v roughly linear in all ensembles.
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Stochastic evaluation of v through VEV of projector to low modes
{tr[Pm]) M= VAN +m? (5)

N

’

NZ(W,PMW), Nk... pseudo-fermion fields (6)
k=1

First look on numerical data
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@ v roughly linear in all ensembles.
@ p non-zero and flat in Ag toward small mg and a.




First studies® indicated:

o Higher order effects in pr observed.
@ Functional form not well known at finite lattice spacing.

Suggest Strategy A:

o First perform continuum limit at each (Agr, mr) following Symanzik.
o Finite spectral density near the origin will suggest chiral SSB.
@ Use (continuum) ChPT to remove remaining corrections.

Y = lim lim lim pr(Ag, Mg, a)
Ar—0 mr—0 a—0

@ A posteriori self-consistency check:
Agreement with M2F2/2 vs. m (GMOR)?

6 GPE etal,, PoS Lat(2013)119




pr Vs. @ for various (Ag, mg)
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@ At each pair (Ag, mr), extrapolate a — 0.
o Data agree well with linear a?-dependence (O(a)-improved theory).
o Discretization effects show non-trivial (Ag, mg)-dependence:

i3 mild (<5%) at lightest (Ag, mg); i.g. up to O(20%)




Pr VS. AR in the continuum for various mg

mg = 12.9 MeV mg = 32.0 MeV
a=0fm a=0fm

@ Non-zero density at small (Ag, mr) points to chiral SSB.
o Use generalized NLO ChPT to extrapolate to chiral limit’:

pr = Co(Ar) + Cc1mg + C29(Ar, MR)
Y = co(Ar) = const. at NLO

7 Here and later we use the short-hand notation: g(A, m) = m(gu (Aq/m, Ap/m) — 3In(m/ )




PR VS. AR in the continuum and chiral limit
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® jr|me—o = co(Ar) shows plateau at NLO ChPT.
9 Identify valid range of NLO: Ag < 80 MeV.
o Y'/3 = 261(6) MeV in MS at 2 GeV.



Include all data; no interpolation required.
Fewer fit parameters compared to Strategy A.

Model the discretization effects:

o Linearin & and mg.
o Still allow for arbitrary Ar-dependence.

= Coo(AR) + C0.1(AR)& + C1.0Mk + C1.1(AR) MR & + C2g(Ar, MR)
= Cp,o(Ar) = const. at NLO (10)

Inspired by Symanzik and chiral power expansion.
Model complies with results of Strategy A.
Includes NLO WChPT GSM? as special case.

3 “Generally small quark mass”




PR VS. mg and vs. Ag
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9 NLO plateau in ¢p o(Ar) for Ax < 80 MeV.

o ¥'/3 = 260(6) MeV in MS at 2 GeV.
@ Systematic error:

o Neglect data at coarse lattices (a=0.075 fm): +8 MeV.
o Include O(A3, m3)-terms: -7 MeV.
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@ Ab-initio determination of the chiral condensate from Banks-Casher.
@ Extensive study of the spectral density:

@ 3 lattice spacings: 0.048 < a < 0.076 fm
@ 4 pion masses: 190 < m, <490 MeV
o 9 cutoffs: 20 < Ar < 120 MeV

o Separate treatment of various effects, all systematics discussed.
o Y'/3 =261(6)(8) MeV in MS at 2 GeV.
o Final results agrees with GMOR-relation®.

8 GPE, L. Giusti, S. Lottini, R. Sommer: “Chiral symmetry breaking in QCD Lite”, arXiv:1406.4987
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@ Data well described by linear fit passing through origin.
o Strongly suggests to be actually within chiral regime.
o Y1/3 =271(8) MeV.
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ﬁR(ARa mg, a) = ﬁR(/\Ra mg, O) + azA(/\R, mR)
A(/\R7 mR) 60’1 (AR) + 61,1 (/\R)mR




|ASFY| /S vs. Ag for B =5.2




|ASFY| /S vs. Ag for 3 = 5.3




